The germ cell nuclear factor (GCNF) is a nuclear orphan receptor and a putative regulator of the pluripotent state of cells. Although it was first described in mouse germ cells, GCNF is also expressed in mouse and Xenopus embryos. By means of 5 0 RACE we have identified a novel isoform of Xenopus laevis GCNF that is predominantly expressed in germ cells, whereas both the oocyte and embryonic forms are expressed during Xenopus embryogenesis. EST database search revealed that the homologues of both isoforms are also transcribed in Xenopus tropicalis. q
Results and discussion
The germ cell nuclear factor (GCNF, NR6A1) is the only known representative of the sixth subgroup of nuclear hormone receptors in vertebrates (review by . Despite its name, GCNF is not restricted to germ cells but is also expressed in embryos of Xenopus laevis (Joos et al., 1996) , and of mice. The GCNF 2/2 mice are embryonic lethal (Chung et al., 2001) , suggesting an essential role for this gene in embryogenesis. Consistently, a loss of GCNF function in embryos of X. laevis by dominant negative interference (David et al., 1998) or by specific morpholino antisense oligonucleotides (G. Barreto, C. Kaufmann, and C. Dreyer, manuscript in preparation) resulted in severe axis and organogenetic defects.
Previously reported Xenopus GCNF cDNA isolated from a neurula library encoded a nuclear orphan receptor with an unusually short A/B domain of only 13 amino acids preceding the DNA binding domain. We searched for cDNAs encoding GCNF with a longer A/B domain because differentially spliced isoforms with varying lengths of the A/B domain have been described for many nuclear receptors (see e.g. Grandien et al., 1997) .
Rescreening of cDNA libraries of embryonic stages, however, did not reveal the existence of longer cDNAs (data not shown). We then employed 5 0 RACE strategy and screened oocyte RNA for longer GCNF cDNA. Four nested primers complementary to cDNA encoding domains D and C were used for gene-specific reverse transcription (RT) and subsequent polymerase chain reaction (PCR) in combination with an anchorprimer that binds to the tailed 5 0 end of the cDNA (Fig. 1A) . A single fragment was amplified and cloned. This cDNA contains a start codon preceded by an in frame stop codon and it encodes a longer A/B domain of 54 amino acids. The oocyte form (xOoGCNF) and the embryo form (xEmGCNF) diverge upstream of D 47 of the oocyte form that corresponds to D 6 of xEmGCNF (Fig. 1A, B) . A cDNA encoding almost the complete oocyte-specific GCNF was isolated after rescreening of an oocyte expression library using the novel fragment derived from the 5 0 RACE (data not shown).
The expression of xOoGCNF and of xEmGCNF was analysed in oocytes ( Fig. 2A, lane 1) and in embryos at different stages (lanes 2-9) by means of RT-PCR, using a common reverse primer and isoform-specific forward primers. Under conditions of maximal amplification of both isoform-specific PCR products, expression of xEmGCNF was detected between early gastrula stage 10 and late tailbud stage 30, whereas the xOoGCNF form E-mail address: christine.dreyer@tuebingen.mpg.de (C. Dreyer).
was predominantly detected in oocytes and in embryos at stages before the midblastula transition (MBT). Since the xEmGCNF-specific PCR product was not detected in oocytes or in embryos before MBT, xEmGCNF is most likely not maternally expressed. In contrast, the xOoGCNF form is prevalently detected in oocytes and before MBT but a trace of the xOoGCNF-specific PCR product found at later stages suggests that this form is also zygotically transcribed in low amount. The RT-PCR analysis of RNA isolated from oocytes, neurula stage embryos, and different organs of adult X. laevis shows that xOoGCNF is also transcribed in the testes and traces of both isoforms are detected in the brain (Fig. 2B ).
Xenopus tropicalis homologs of both isoforms can be deduced from recently published EST sequences, and apparently coexist in X. tropicalis at gastrula stage. Two 5 0 ESTs representing the AB domain of the oocyte isoform of X. tropicalis GCNF have been found in a gastrula library, while none of the five 5 0 ESTs isolated from neurula embryos represented this isoform (Fig. 1B) . Although a methionine is conserved in the X. tropicalis long isoform at the position of the short isoform start position, this ATG is not embedded in a translational start consensus sequence (Kozak, 1987) and therefore it is highly unlikely that a short and a long version of the same polypeptide are translated from the same mRNA. Previously, we have detected GCNF-specific transcripts in young oocytes by means of in situ hybridisation. The antisense RNA probe used may have detected the XOoGCNF isoform, as it cannot distinguish between these two isoforms (Joos et al., 1996) .
Our Western blot analysis of X. laevis oocyte and embryo protein demonstrates that xEmGCNF and xOoGCNF mRNA are translated to polypeptides of approximately 48 and 52.5 kDa respectively, and that the maternal xOoGCNF is replaced by the shorter xEmGCNF protein after gastrulation (Fig. 2C) . Both isoforms could either be transcribed from two different genes or result from differential splicing of the same gene product. Comparison of the Xenopus cDNA sequences to known mammalian GCNF, however, suggests that xOoGCNF and xEmGCNF represent differentially spliced isoforms of the same gene product because the start codon of the xEmGCNF coincides with the border between exons 3 and 4 of the mouse GCNF gene (Süsens and Borgmeyer, 2001) . While the short exon 3 is absent from the human sequence, a moderate but significant similarity exists between the mouse and human exon 2 and amino acids 15-27 of the xOoGCNF (Fig. 1B) , whereas 0 RACE strategy to identify xOoGCNF. Reverse transcription was performed on total RNA of young oocytes (stage I-II) using the gene-specific primer RT357. The sequences complementary to three nested primers (PCR192, 267, and 322) are underlined in the already known xGCNF cDNA, which is shown together with the deduced amino acid sequence. The cDNA sequence resulting from a 5 0 RACE product obtained with PCR 267 is shown beneath, and the isoform-specific RT-PCR primers used for the experiments shown in Fig.  2A ,B are underlined. Amino acids belonging to the DNA binding domain are shaded. The predicted molecular weights are 48,000 for xEmGCNF and 52,500 for xOoGCNF. (B) Multiple protein sequence alignment of the polypeptides deduced from xOoGCNF, xEmGCNF, two gastrula ESTdeduced sequences of X. tropicalis that encode the N-terminus of a longer (xtOGCNF) and a shorter isoform (xtEmGCNF) are shown together with the Danio rerio (zfGCNF), human (hGCNF) and mouse (mGCNF) proteins. The position of conserved splice sites deduced from the human and mouse genomic sequences is indicated by arrowheads below the mGCNF sequence (Süsens and Borgmeyer, 2001) . Only the N-terminal domains A,B, and C are shown. The accession numbers are xtOoGCNF: AL630347; xtEmGCNF: AL639692, AL675688, AL637249; xlEmGCNF: gb U58683.1; xlOoGCNF: AY13967; D. rerio: emb AJ007703; hGCNF: gb X99975; mGCNF: gb U14666. The xEmGCNF protein (arrowhead) was also detected at stage 12.5 but not in oogenesis. The polyclonal antiserum against xGCNF [DEF] was described previously (David et al., 1998) . The faster migrating band of 40 kDa is not related to GCNF and can be regarded as loading control.
the other parts of the A domains are dissimilar between mammals and Xenopus. Although the two isoforms could have evolved as a consequence of an ancient duplication of the whole genome of X. laevis, this is unlikely in X. tropicalis, since this species is diploid (Kobel and Du Pasquier, 1986) . Interestingly, a cDNA encoding a short GCNF isoform has been isolated from zebrafish oocytes (Braat et al., 1999) . At present there is no compelling evidence for distinct functions of the long and short isoforms of GCNF found in lower vertebrates.
Experimental procedures
2.1. RNA isolation and 5 0 RACE Total RNA from stages I to II (Dumont, 1972) was isolated using Trizol (GIBCO, BRL) and 5 0 RACE was performed using a kit from GIBCO BRL. The positions of the reverse complementary primers used for RT (RT357, 5 0 -CTCCAGGCATTCCATCTTC-3 0 ) and for PCR in combination with the 5 0 anchorprimer are shown in Fig. 2A :
One prevalent PCR product was obtained with each primer pair and the lengths of these products decreased according to primer position (data not shown). A product obtained with the reverse primer PCR267 was cloned and sequenced, and two independent clones encoded the same novel A domain and already known GCNF sequence, as shown in Fig. 1A .
RT-PCR
Analytical RT-PCR was performed using a common reverse primer (PCR322) in combination with either a xEmGCNF-specific (fw52, 5 0 -CTGCACCCCAGCACA-CAC-3 0 ) or a xOoGCNF-specific forward primer (fw138, 5 0 -TGGGACATGGAGGTAGAAAGGAGC-3 0 ). For multiplex PCR, a histone H4 specific primer pair was added. Cycling conditions were 948C, 45 s; 608C, 1 min; 728C, 1 min and 30 cycles were performed.
Western blot
Western blotting was performed with an affinity-purified anti-xGCNF [DEF] polyclonal mouse serum as previously described (David et al., 1998) .
Database searches and sequence comparisons
The EST databases of the SANGER centre were searched using BLAST and multiple sequence alignments were done with application of the GCG package of the University of Wisconsin.
